A puppy suffering from chronic diarrhea was humanely killed at 90 days of age. Numerous Gramnegative bacilli were found adhering to the surface of as well as within epithelial cells from the stomach to the colon. Canine distemper virus inclusions were in the epithelial cytoplasm of the esophageal, gastric, and intestinal mucosa. Typical attaching and effacing ultrastructural lesions were in the stomach, and some bacilli were in the cytoplasm of the epithelial cells. Escherichia coli, isolated from the contents of the small intestine, belonged to serotype 0 1 18: NM and were negative for plasmid-encoded EPEC adherence factor (EAF') and positive for the E. coli attaching effacing (eae) gene. Immunohistologically, bacilli attached to the epithelium from the stomach to the colon were positive for antisera against E. coli 01 18. E. coli 01 18: NM inoculated into human tissue culture cells (HEp-2 cells) were attached to the surface of the cells and within the cytoplasm. This is the first report of attaching and effacing E. coli (AEEC) infection in the stomach of the dog.
the classical heat-stabile and heat-labile enterotoxins. EPEC generally colonize the intestine and adhere closely to enterocytes, resulting in characteristic effacement and cupping of the m i c r o~i l l i .~,~ The term "attaching and effacing E. coli (AEEC)" has been used to designate E. coli that cause such lesionsL1 AEEC infections in the intestine have been reported in some animals, including dogs. 1.4,8.12 However, there has been no report of AEEC infection in the stomach of any animal. In this paper, we report a natural AEEC infection in the stomach of a puppy.
A nonvaccinated Papillon puppy that had been suffering from chronic diarrhea for 2 weeks in a breeding kennel was humanely killed at 90 days of age. At necropsy, focal hepatization was observed on the lungs. The liver was yellow and the splenic white pulp was atrophic. The stomach lumen was Nonhemolytic E. coli were isolated from the contents of the small intestine. The E. coli were negative for antisera to fimbrial K88, K99, and 987P antigens, and did not produce STa, LT or verotoxin. Testing for the plasmid-encoded EPEC adherence factor (EAF), the E. coli attaching effacing (eae) gene,2s3.5 and 0 and H serotypes of E. coli was done at the Osaka Prefectural Institute of Public Health, Japan. The isolated E. coli belonged to serotype 01 18: NM, and were negative for EAF plasmid and positive for eue gene.
Tissues were fixed in 20% neutral buffered formalin, paraffin-embedded, sectioned, and stained with hematoxylin and eosin (HE). In addition, sections of the stomach and intestine were stained by Gram's method. Gram-negative bacilli were adhered to the surface lining cells of pylorus, or within epithelial cells and the lamina propria. The epithelial cells were shrunken, had increased cytoplasmic eosinophilia, and were desquamated ( Fig. 1 ). Similar but more severe lesions were found throughout the entire small and large intestines. Many eosinophilic inclusions were in the epithelial cytoplasm of the esophageal, gastric, and intestinal mucosa. Other lesions included interstitial pneumonia with eosinophilic intracytoplasmic inclusions, lymphoid depletion of splenic follicles, mesenteric lymph nodes atrophy, and necrosis.
E. coli and canine distemper virus antigens were detected in paraffin sections of the stomach and intestine by the streptavidin biotin immunoperoxidase technique (Histofine SAB-PO Kit, Nichirei, Tokyo, Japan) with hematoxylin counterstain. Rabbit antiserum against E. coli 0 1 18 and canine distemper virus were used as the primary antibody. As a negative control, a nonimmune primary antibody (normal rabbit serum) was used. The bacilli adherent to and within the pyloric and the intestinal epithelial cells were positive for antisera against E. coli 0 1 18 (Fig. 2) . The epithelial eosinophilic intracytoplasmic inclusions were positive for canine distemper virus. Typical attaching and effacing (AE) ultrastructural lesions were in the stomach, characterized by numerous bacilli attached to the epithelial cell surface and absence of microvilli in these areas. The plasma membrane ofepithelial cells formed pedestals at the areas closely associated with bacteria. Some bacilli were within cytoplasmic vacuoles of the epithelial cells, while others were free within the cytoplasm (Fig. 3) . Some epithelial cells contained a nucleocapsid clump in the cytoplasm, suggestive of canine distemper virus inclusions.
Adhesion assay to human cells (HEp-2 cells) with E. coli 0 1 18: NM was performed as follows: HEp-2 cells were grown for 48 hours at 37 C in 5% CO, in Eagle MEM supplemented with 10% fetal calf serum in 75 cm2 tissue culture flasks. After the cells were washed, Eagle MEM supplemented with 2% fetal calf serum and 1% D-mannose was added. The E. coli was cultured with trypticase soy agar for 18 hours at 37 C, and 1 ml of the cultured medium was added and incubated for 30 minutes at 37 C in 5% CO,. The tissue culture medium was replaced with fresh medium. Incubation was done for an additional 3 hours before processing for transmission electron microscopy. Bacilli focally adhered to the HEp-2 cells, and were free in the cytoplasm or within endosomes (Fig. 4) .
AE lesions of AEEC infection in the pig and rabbit intestines mainly distribute in the lower small intestine and large intestine.]] In the present study, AE lesions were observed in the stomach as well as throughout the intestine. Helicobacterpylori is a Gram-negative bacterium that causes chronic active gastritis. H. pylori intimately attached to human gastric epithelial cells in a manner similar to AEEC.' There are no reports of bacteria other than H. pylori producing AE lesions in the stomach.
EAF is mediated by a 60-md plasmid, which is responsible for initial and localized adherence. The eae gene has been linked to attaching and effacing a~t i v i t y .~ However, EAF does not necessarily cause AE lesions in enterocytes. E. coli 0 1 14:
H2, which does not possess EAF plasmid, is a strain producing typical AE lesions indistinguishable from those caused by EAF-positive EPEC.9Jl The isolated E. coli 0 1 18: NM, which was EAF-negative and eae-positive, produced AE lesions in vivo and in vitro.
EPEC had previously been considered noninvasive, principally because it did not cause keratoconjunctivitis in guinea pigs.3 However, intracellular bacteria have been observed in EPEC infections of human tissue c u l t~r e~~~~'~ human smallbowel biopsy,13 the intestines of animal models,ll and organ culture of canine intestine.6 Like attaching and effacing activity, invasion is augmented by the presence of the EAF plasmid and eae
In the present study, intraepithelial bacteria were in the canine gastric and intestinal mucosa, and the EAF-negative E. coli 0 1 18: NM invaded HEp-2 cells. To our knowledge, there have been no reports of intracellular bacteria in the natural AEEC infection of any animals, or of canine E. coli invading human culture cells. The significance of the invasive ability of EPEC in bacterial pathogenesis is unknown. An intracellular location may protect the bacterium from clearance from the intestine and from IgA of the immune system, resulting in the chronic infection associated with EPEC diarrhea.5 The present case is clinically in agreement with EPEC diarrhea. It is interesting to note that the puppy had been suffering from chronic diarrhea.
Concurrent infections with other enteropathogens are common in natural AEEC infection in
In the present study, concurrent canine distemper virus infection in the epithelium of the alimentary tract may have predisposed or exacerbated the AEEC infection in the stomach.
